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SPECIFICATION 

BELT FOR CONT INUOUSLY VARIABLE TRANSMISSION 
FIELD OF THE INVENTION 

The present invention relates to a belt for a continuously 
variable transmission, in which a pair of left and right ring 
slots defined in each of a large number of metal elements ara 
supported on a pair of left and right metal ring assemblies each 
formed of a plurality of endless metal rings laminated one on 
another, respectively, the belt being wound around a drive 
pulley and a driven pulley to transmit a driving force. 

BACKGROUND ART 

There are such belts for continuously variable 
transmission conventionally known from Japanese Patent 
Publication No > 63-40979 and US Patent No . 4, 915 , 677 , in which 
in order to ensure that left and right V- faces of a metal element 
are brought into close contact with V-grooves of a pulley with 
uniform surface pressure to prevent the generation of an uneven 
wear, upward-directed recesses are defined at laterally 
opposite ends in the vicinity of the V-faces at a lower edge 
of an element body, so that the element body is easily flexed 
vertically at locations corresponding to the recesses. 

In the conventionally known belt, however, when the 
V-faoes of the metal element receive a compressive load from 
the V-grooves of the pulley, the v-faces are moved with the angle 
varied , rather than in parallel to each other . For this reason , 



upper or lower portions of the V-faces are put into uneven 
abutment against the V-grooves of the pulley and hence, it is 
difficult to necessarily effectively overcome an uneven wear. 
Another problem is that when a downward load is applied to saddle 
surfaces of the metal element by the tension of the metal ring 
assembly, the distribution of a bending load on the saddle 
surfaces is uneven laterally, resulting in a reduced durability 
of the metal element. 
DISCLOSURE OF THE INVENTION 

The present invention has been accomplished with the 
above circumstances in view, and it is an object of the present 
invention to enhance the durability of the metal element by 
devising a shape of a lower edge of the element body of the metal 
element . 

To achieve the above object, according to the present 
invention, there is provided a belt for a continuously variable 
transmission, in which a pair of left and right ring slots 
defined in each of a large number of metal elements are supported 
on a pair of left and right metal ring assemblies each formed 
of a plurality of endless metal rings laminated one on another, 
respectively, the belt being wound around a drive pulley and 
a driven pulley to transmit a driving force , the metal element 
comprising a neck provided between the pair of left and right 
ring slots , an ear integrally connected to an upper portion of 
the neck, an element body integrally connected to a lower 
portion of the neck, a pair of left and right saddle surfaces 



formed on an upper surface of the element body to support a lower 
surface of the metal ring assembly, a pair of left and right 
V- faces formed at laterally opposite ends of the element body 
to abut against both of the pulleys . and a pair of left and right 
recesses defined in a lower edge of the element body and 
depressed upwards, characterized in that when an upper end of 
the V-face is represented by a; a lower end of the V-face is 
represented by b; an inner end of the saddle surface is 
represented by fl; and an outer end of the saddle surface is 
represented byd, a first line on the lower edge of the element 
body is determined, and a second line straightforwardly 
connecting the lower end h of the V-face and the inner end c 
of the saddle surface is determined, so that when a downward 
load is applied from the metal ring assembly to the outer end 
of the saddle surface, the folding-resistant strength of the 
element body is uniform laterally; and a position of the recess 
is determined in the vicinity of a point & of intersection of 
the first and second lines , the lower edge of the element body 
being defined by the first line Inside the recess and by the 
second line outside the recess. 

With the above arrangement, the first line inside the 
recess in the lower edge of the element body of the metal element 
is determined, so that when the downward load is applied from 
the metal ring assembly to the outer end of the saddle surface , 
the folding-resistant strength of the element body is uniform 
laterally. Therefore, it is possible to prevent the stress from 



of friction between the V-grooves and the V-faces. ana to 
further effectively prevent the generation of an abnormal wear . 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figs . 1 to 10B show an embodiment of the present invention . 
Fig. L is a skeleton illustration of a power transmitting system 
in a vehicle having a continuously variable transmission 
mounted thereon; Fig. 2 is a partial perspective view of a metal 
belt j Fig. 3 Is a front view of a metal element; Fig. 4 is a view 
taken in the direction of an arrow 4 in Fig . 3 ? Figs . 5A and 5B 
are diagrams showing the deformation of the metal element under 
the action of a load; Fig. 6 is a diagram for explaining a 
technique for establishing a first line SI on a lower edge of 
an element body; Fig. 7 is a diagram for explaining a technique 
for establishing a second line S2 on the lower edge of the element 
body; Fig -8 is a graph showing the relationship between the 
parallelism of the V-faces and the coefficient Of friction; 
Fig. 9 is a graph showing the relationship between B and dei and 
Figs -10A and 10B are diagrams for explaining the operation when 
the position of an inner end c of a saddle surface has been moved. 
BEST MODE FOR CARRYING OUT THE INVENTION 

A mode for carrying out the present invention will now 
be described with reference to an embodiment of the Invention 
shown in the accompanying drawings. 

Figs.l to 10B show an embodiment of the present invention. 

The definition of forward and backward directions, a 
lateral direction, a vertical direction and inward and outward 



being concentrated on a portion of the element body to reduce 
the durability . In addition , the second line outside the recess 
in the lower edge of the element body of the metal element is 
determined, so that the lower end fc of the V-f ace and the inner 
end a of the saddle surface are connected straightforwardly to 
each other. Therefore, even if a load is applied from the 
V-grooves of the pulley to the metal element . a surplus moment 
can be prevented from being generated on the element body or 
the saddle surface. Further, it is possible to ensure a 
coefficient of friction between the V-grooves and the v-f aces, 
and to effectively prevent the generation of an abnormal wear, 
by defining the point of intersection of the first and second 
lines, so that the angle of the V-f aces of the metal element 

is not varied- 

In addition to the above arrangement, there is provided 
a belt for a continuously variable transmission, wherein a 
triangle formed by the upper end a of the V-f ace, the lower end 
fc of the V-f ace and the inner end a of the saddle surface is 
an isosceles triangle in which the lengths of a side and a 
side ah are equal to each other. 

With the above arrangement, the triangle formed by the 
upper end a of the v-f ace. the lower end h of the V-f ace and 
the inner end a of the saddle surface is the isosceles triangle 
and hence, the V-f aces can be moved in parallel to each other 
by loads applied from the v-grooves of the pulley to the V- 
faces of the element body to ensure a sufficient coefficient 



directions of a metal element used in the present embodiment 

is shown in Fig . 2 . 

Fig.l schematically Shows the structure of a metal belt 
type continuous variable transmission T mounted in an 
automobile. An input shaft 3 connected to a crankshaft 1 of 
an engine E through a damper 2 is connected to a drive shaft 
3 of the metal belt type continuous variable transmission T 
through a Start clutch 4 . A drive pulley 6 provided on the drive 
shaft 5 includes a stationary pulley half 7 secured to the drive 
shaft 5. and a movable pulley half 8 which can be moved toward 
and away from the stationary pulley half 7 . The movable pulley 
half 8 is biased toward the stationery pulley half 7 by a 
hydraulic pressure applied to an oil chamber 9. 

A driven pulley 11 is provided on a driven shaft 10 
disposed in parallel to the drive shaft 5. and includes a 
stationary pulley half 12 secured to the driven shaft 10, and 
a movable pulley half 13 which can be moved toward and away from 
the stationary pulley half 12. The movable pulley half 13 is 
biased toward the stationary pulley half 12 by a hydraulic 
pressure applied to an oil chamber 14. A metal belt 15 is wound 
around the drive pulley 6 and the driven pulley 11. The metal 
belt 15 comprises a large number of metal elements 32 supported 
on a pair of left and right metal ring assemblies 31, 31 (see 
Fig. 2) . Each of the metal ring assemblies 31 comprises 12 metal 
rings 33 which are laminated on one another. 

A forward drive gear 16 and a backward drive gear 17 are 
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relatively rotatably supported on the driven shaft 10. The 
forward and backward drive gears 16 and 17 can be coaled 
selectively to the driven shaft 10 by a selector 18 . A forward 
driven gear 20 meshed with the forward drive gear 16 and a 
backward driven gear 22 meshed with the backward drive gear 17 
through a backward idling gear 21 are secured to an output shaft 
19 which is disposed in parallel to the driven shaft 10. 

The revolution or rotation Of the output shaft 19 is input 
to a differential 23 through a final drive gear 23 and a final 
driven gear 24, and is transmitted therefrom through left and 
right axles 26, 26 to driven wheels W. w. 

A driving force of the engine B is transmitted to the 
driven shaft 10 through the crankshaft 1 . the damper 2 . the input 
shaft 3, the start clutch 4, the drive shaft 5, the drive pulley 
6, the metal belt 15 and the driven pulley 11. When a forward 
travel range is selected, the driving force of the driven shaft 
10 is transmitted to the output shaft 19 through the forward 
drive gear 16 and the forward driven gear 20. thereby allowing 
the vehicle to travel forwards. When a backward travel range 
is selected, the driving force of the driven shaft 10 is 
transmitted to the output shaft 19 through the backward drive 
gear 17, the backward idling gear 21 and the backward driven 
• gear 22. thereby allowing the vehicle to travel backwards. 

At that time, hydraulic pressures applied to the oil 
chamber 9 of the drive pulley 6 and the oil chamber 14 of the 
driven pulley 11 of the metal belt type continuous variable 
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transmission T are controlled by a hydraulic control unit U2 
which is operated by a command from an electronic control unit 
Ul. thereby adjusting the change gear ratio continuously or in 
a stepless manner. Specifically, if a hydraulic pressure 
applied to the oil chamber 14 of the driven pulley 11 Is increased 
relative to a hydraulic pressure applied to the oil chamber 9 
of the drive pulley 6 . the grove width of the driven pulley 11 
is reduced, leading to an increased effective radius, and 
correspondingly, the groove width of the drive pulley 6 is 
increased, leading to a reduced effective radius. Therefore, 
the change gear ratio of the metal belt type continuous variable 
transmission T is varied toward "LOW" continuously or in the 
stepless manner. On the other hand, if the hydraulic pressure 
applied to the oil chamber 9 of the drive pulley 6 is increased 
relative to the hydraulic pressure applied to the oil chamber 
14 of the driven pulley 11. the groove width of the drive pulley 
6 is reduced, leading to an increased effective radius, and 
correspondingly, the groove width of the driven pulley 11 is 
increased, leading to a reduced effective radius. Therefore, 
the change gear ratio of the metal belt type continuous variable 
transmission T is varied toward *OD" continuously or in the 

stepless manner. 

As shown in Figs. 2 and 3, each of the metal elements 32 
formed from a metal plate by punching or stamping includes a 
substantially trapezoidal element body 34, a neck 36 located 
between a pair of left and right ring slots 35, 35 into which 
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the metal ring assemblies 31. 31 are fitted, and a substantially 
triangular ear 37 connected to an upper portion of the element 
body 34 through the neck 36. The element body 34 is formed at 
its laterally opposite ends with a pair of V-f aces 39 , 39 capable 
of abutting against V-grooves 38. 38 of the drive pulley 6 and 
the driven pulley 11. The metal element 32 is formed, at its 
front and rear portions in the direction of movement, with a 
pair of front and rear main surfaces 40, 40 which are 
perpendicular to the direotion of movement and parallel to each 
other. An inclined surface 42 is formed below the front main 
surface 40 in the direotion of movement with a laterally 
extending rocking edge 41 located therebetween. Further, the 
ear 37 has projecting and recessed engage portions 43 formed 
at its front and rear surfaces, respectively, in order to 
conneot the metal elements 32, 32 adjacent to each other in the 
forward and backward directions. Lower edges and upper edges 
of ring slots 35, 35 are referred to as saddle surfaces 44, 44 
and lower ear surf aces 45. 45. respectively, and lower surfaces 
of the metal ring assemblies 31, 31 abut against the saddle 
surfaces. 44, 44. Further, a lower edge of the element body 34 
is not straight and has a pair of upward depressed recesses 46, 
46 provided at laterally opposite sides thereof. 

Fig. 3 shows a load which is applied to the metal element 
32, when the metal belt 15 is wound around the drive pulley 6 
and the driven pulley 11. Downward loads Fl. Fl are applied 
to the left and right saddle surfaces 44, 44 of the metal element 
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32 by the tensions of the metal ring assembles 31, 31, and loads 
F2, F2 from the V-grooves 38. 38 of the drive pulley 6 or the 
driven pulley 11 are applied to the left and right V-facee 39, 
39 of the metal element 32. In Pig. 3. upper ends of the V- 
faoes 39, 39 are designated by a, a; lower ends of the V-faces 
39, 39 are designated by la. Hi inner ends of the saddle surfaces 
44, 44 are designated by c, fi; and outer ends of the saddle 
surfaces 44, 44 are designated by d, d. In the present 
embodiment, the upper ends a, a of the V-faces 39, 39 are 
substantially matched with the outer ends d, d of the saddle 
surfaces 44, 44 * 

When the metal element 32 is deformed as shown in Fig.SA 
and as a result, the angle of the V-faces 39, 39 is different 
largely from the angle of the v-grooves 38 , 38 of the drive pulley 
6 or the driven pulley 11 . the following problem is encountered: 
a gouging occurs between the V-faces 39, 39 Of the metal element 
32 and the V-grooves 38, 38 of the drive pulley 6 or the drive 
pulley 11 to cause an abnormal wear. To the contrary, even if 
the metal element 32 is deformed as shown in Fig.SB, the 
generation of the above -described abnormal wear can be 
prevented, if the angle of the V- faces 39 , 39 of the metal element 
32 is moved in parallel to the angle of the V-grooves 38, 38 
of the drive pulley 6 or the driven pulley 11. 

Here, in Fig.5B, reference charaoter(6l^denotes a fulcrum 
for a total sum of moments applied to the saddle surfaces 44, 
44; characters ± Indicate the direction of the moments applied 
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to the saddle surfaces 44. 44; character E indicates a distance 
between a point a and Eli and character d* indicates a distance 
between Q and e. To minimize the Influence Of the total sum 
of the moments applied to the saddle surfaces 44. 44, if the 
existence of a predetermined angle in the v-faces 39. 39 of the 
metal element 32 is taken into consideration, it is desirable 
that the position e. of each of the recesses 46. 46 is in the 
vicinity of a point of intersection of a straight line drawn 
J& fron, th. point El in paraHel to «. V*— 3 9 . „ ana a rirst 
Jio line SI. This Is because the fulcrum Of the total sun* of the 
U moments applied onto the line Oe is the point e. 
U i n Fig. 9. a line m - 1 is provided when the distance da 

K is equal to the distance E. and the point a balanced with the 
C3 point El by the influence of the angle a of the V-faces of the 
16 metal element 32 is displaced toward O (leftwards) in an 
abscissa axis. Therefore, the position of the point s can be 
determined properly depending on the influence of the angle a 
^ of the V-faces of the metal element 32. It should be noted that 
the amount of metal element 32 deformed is represented in an 
20 about 1.000 times -emphasized manner in Figs.SA and 5B. 

When the lower surfaces of the metal ring assemblies 31, 
31 are uniformly in contact with the saddle surfaces 44, 44 of 
the metal element 32, a load is applied to the entire areas of 
the saddle surfaces 44, 44 from the lower surface of the metal 
25 ring assemblies 31. 31. However, when a rolling occurs in an 
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instant when the metal element 32 bites into the drive pulley 
6 or the driven pulley 11. the loads Pi. PI from the metal ring 
assemblies 31 ^ 31 are applied coneentratedly to the outer ends 
d. d of the saddle surfaces 44 . 44 to increase the bending stress 
5 applied to the element 32. To avoid this, it is desirable to 
ensure that = the bending stress on the element 32 (a 
folding-resistant strength) is uniform in the severest state. 
35 namely, in a state in which the loads Fl, PI from the metal ring 
assemblies 31, 31 have been applied conoentratedly to the outer 
HLO ends d, d of the saddle surfaces 44, 44 (see Pig. 3) . 
m Therefore, it is supposed that the element body 34 

Q protruding laterally from the heck 36 of the metal element 32 
w is in the form of a cantilever in which the vertioal height Y 
E=! is varied in a lateral direction (a direction of the X-axis) , 
15 as shown in Fig . 6 , and the concentrated load PI has been applied 
to a free end of the element body 34 (a tip end of the cantilever 
having a length L), wherein the height Of a fixed end of the 
^ cantilever is represented by Yr. In this case, to ensure that 
the bending stress on the cantilever is uniform in the direction 
20 of the X-axis, the height Y of the cantilever may be given as 
a function of X, as well known in a field of material dynamics, 
according to the following equation: 

Y - Yr x v^{(L - X)/L> — - (1) 
A line provided by the above equation ( 1) is defined as the first 
25 line SI, and in Fig. 3, a portion of a line provided by the lower 
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edge of the element body 34 of the metal element 32 , which extends 
from a center line CL to the recesses 46, 46, is defined as a 
line approximating to the first line SI. 

It will be considered below that loads F2, P2 have been 
applied to the V-faces 39. 39 of the metal element 32. As 
compared with a second line S2 straightly interconnecting each 
of the lower ends h, h of the V-faces 39, 39 and each of the 
inner ends a of the saddle surfaces 44, 44, in a second line 
S2' straightforwardly connecting each of points C , c' further 
inside the inner ends c, a of the saddle surfaces 44. 44 and 
each of the lower ends b, b of the V-faces 39, 39, as shown in 
Fig.lOA, a further moment is produced at a central portion of 
the element body 34 and hence, with this moment taken into 
consideration, the value of the height Yr of the fixed end 
described in the above equation (1) must be increased. In a 
second line S2 straightforwardly connecting each of points c" , 
o' ' further outside the inner ends a, C of the saddle surfaces 
44. 44 and each of the lower ends h. h of the v-faces 39, 39, 
as shown in Fig.lOB, it is considered that a moment is produced 
about the point o" on the saddle surface, whereby the metal 
element 32 is damaged. Therefore, to prevent the metal element 
32 from being damaged by a load produced by clamping the V- 
faces 39, 39 by the pulley 6 or 11, it is desirable that a line 
segment straightforwardly connecting each of the lower ends h, 
h of the V-faces 39 , 39 and each of the inner ends a, C is defined 
as a second line S2. 
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Further, in a state in which the metal elements 32 have 
been clamped in the drive pulley 6 and the driven pulley 11. 
the loads Fl , Fl from the metal ring assemblies 31 , 31 are applied 
to the entire areas of the saddle surfaces 44, 44, and the loads 
F2. F2 are applied to the V-faces 39. 39 of the metal element 
32. A variation in angle of the V-facee 39, 39 of the metal 
element 32 at that time will be considered below. 
If it is supposed that 

flexing angle of saddle surface : 6 
amount of saddle surface flexed t w 
distance from inner end of saddle surface i X 
moment on saddle surface » M 
length of saddle surface : L 
longitudinal elastic modulus ; E 
secondary moment in section : I_ 
the following expression is established t 

9 - tan 6 = dw/dx --- (2) 
because the flexing angle 9 of the saddle surface is very small. 
In general. 

d 2 w/dX 2 = -M/EI --- (3) 
and hence, the above equation (3) is integrated over the entire 
length of the saddle surface 44. 44, thereby providing the 
following equation: 

6 * dw/dX - -<1/E) / (M/I)dX --- (4) 
This equation (4) indicates that a value resulting from the 
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Integration of the moment M over the entire length of each of 
the saddle surfaces 44 , 44 may be equal to zero in order to ensure 
that the flexing angle 6 of the saddle surfaces 44 , 44 of the 
eiement body 34 at the outer ends (in a position of X = L) of 
the saddle surfaces 44. 44 is equal to zero. In other words, 
if the point & Of intersection of the first and second lines 
SI and S2 is defined, so that the value resulting from the 
33 integration of the moment M over the entire length of each of 
i^/d the saddle surfaces 44. 44 is equal to zero, the angle of the 
MlO V-faces 39, 39 of the metal element 32 is not varied. 
03 As can be seen from Pig. 3, the second line S2 outside the 

C3 element body 34 of the metal element 32 is formed of a portion 
C3 0 f a straight line which connects each of the lower ends b, b 
Q of the V-faces 39, 39 and each of the inner ends a. a. of the 
saddle surfaces 44, 44. The recesses 46, 46 at the lower edge 
of the element body 34 are defined in the vicinity of the point 
A which is a point of intersection of the first and second lines 
SI and S2. 

As can be seen from Pig. 7, the three points t each Of the 
inner ends c. c, of the saddle surfaces 44, 44 Of the element 
body 34 of the metal element 32 in the present embodiment ; each 
of the upper ends a, a of the V-faces 39, 39 1 and each of the 
lower ends b , b of the V-faces 39 , 39 , form an isosceles triangle . 
and the V-faces 39, 39 form a base ah of the triangle. Therefore. 
25 the apex q lies on a vertical bisector of the base Sit. and no 
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large moment Is generated on the Side aa. (namely, each of the 
saddle surfaces 44, 44) due to the load F2 applied equally to 
each of the V-faces 39, 39 (see Figs.SA and 5B). From the 
forgoing, according to the present embodiment, the flexure of 

5 the saddle surfaces 44 , 44 can be inhibited by the load F2 applied 
equally to each of the V-faces 39, 39, 

Namely, the folding- resistant strength of the element 
body 34 of the metal element 32 can be uniformized in the lateral 
direction of the metal element 32 by the virtue of the shape 

LO of the first line SI inside the each of the recesses 46. 46, 
thereby preventing the stress from being concentrated to a 
portion of the element body 34 to contribute to an enhancement 
in durability . In addition, it is possible to prevent a surplus 
moment from being generated at the central portion Of the 

15 element body 34 or on each of the saddle surfaces 44 , 44 by the 
virtue of the shape of the second line S2 outside each of the 
recesses 46. 46, thereby contributing to an enhancement in 
durability. Further, the point & of intersection of the first 
and second lines SI and 82 enables the V- faces 39, 39 to equally 

20 abut against the V-groovee 38, 38 to prevent the generation Of 
an abnormal wear, and makes it possible to ensure a sufficient 
coefficient of friction between the v-grooves 38, 38 of each 
of the pulleys 5 and 11 and the V-faces 39 , 39 of the metal element 

32. i 
25q^7 In Fig. 3 , it is desirkble that the shape of a lower portion 
J 3^6f the metal element 32 ife intrinsically a curve laterally 



) 

symmetric with respeot to the center line CL. However, to 

.^P ^/determine a reference fori setting the metal element 32 on a jig. 



it is desirable in the actual manufacture of the metal element 
32 to cut the metal elemebt 32, so that when a line parallel 
5 to the center line. CL is drawn from each of the points c, a to 
provide a point c' . c' of intersection with the first line SI, 
a line connecting the points c' , c' is straight. 
~[ Pig. 8 shows the relationship between the parallelism of 

SI the V-faoes 39, 39 of the element body 34 moved under the action 
tiO of the loads provided from the V-grooves 38, 38 of the pulley 
% 6 or 11, and the coefficient of friction between the V-faces 
U 39, 39 and the V-grooves 38, 38, wherein the coefficient of 
P friction is decreased with a decrease in parallelism of the 
P V-faces 39, 39. According to the present embodiment., the 
15 parallelism can be suppressed within a range of -1 to + 1 to 
ensure a sufficient coefficient of friction. 

Although the embodiment of the present invention has been 
described in detail, it will be understood that various 
modifications in design may be made without departing from the 
20 subject matter of the invention defined by the claims. 
INDUSRTIAL APPLICABILITY 

As discussed above, the belt for the continuously 
variable transmission according to the present invention can 
be suitably used in a belt -type continuously variable 
26 transmission for an automobile, and can be also used in a 
belt -type continuously variable transmission in an application 
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other than the automobile. 
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